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Along with masses of pion and sigma meson modes, their dissociation into quark medium provide
a detail spectral structures of the chiral partners. Present article has studied a finite size effect
on that detail structure of chiral partners by using the framework of Nambu-Jona-Lasinio model.
Through this dissociation mechanism, their diffusions and conductions are also studied. The masses,
widths, diffusion coefficients, conductivities of chiral partners are merged at different temperatures
in restore phase of chiral symmetry, but merging points of all are shifted in lower temperature, when
one introduce finite size effect into the picture. The strengths of diffusions and conductions are also
reduced due to finite size consideration.
PACS numbers:
I. INTRODUCTION
The nuclear matter, formed in the heavy-ion collision
experiments like relativistic heavy ion collider (RHIC)
and large hadron collider (LHC), has a finite volume and
life time in fm and fm/c scale respectively. Initially a
hot quark gluon plasma (QGP) is expected to be form,
then it will expand and after a particular volume and
time, the medium will freeze out. Experimentally, this
freeze out volume can be measured via Hanbury-Brown-
Twiss (HBT) methodology, whose details can be found in
review articles [1, 2] and references therein. This freeze
out volume of the matter depending on the size of the col-
liding nuclei, center of mass energy and collision central-
ity [3]. A freeze out volume range 2000-3000 fm3 within
a large range of center of mass energy
√
s is shown by
Ref. [4]. On the other hand, volume range 50-250 fm3 is
expected from Refs. [5, 6]. So it is important to under-
stand different Phenomenological quantities if they have
any finite size effect within this uncertain volume range
of RHIC or LHC matter.
The effects of finite volume have been addressed by
many models such as non-interacting bag model [7],
quark-meson (QM) model [8–14], Nambu–Jona-Lasinio
(NJL) model [15–22], Polyakov loop extended NJL
(PNJL) [23–26], Polyakov loop extended linear sigma
model (PLSM) [27], hadron resonance gas (HRG) [28–
34], Walecka model [35, 36] etc. All of the model calcu-
lations accept that the quark-hadron phase diagram can
depend on the volume of the matter. Among the NJL
and PNJL model studies [15–26] on finite size effect, only
Ref. [21] have recently studied on finite size effect of me-
son masses, whose more detail extension might provide a
rigorous understanding on the properties of chiral part-
ners - π and σ mesons. Along with the masses of π and σ
mesons, their dissociation probability into quark medium
will give a full spectral details of them. Finite size effect
on this detail spectral structure of the chiral partners is
not been studied before and present work has attempted
this task.
The article is organized as follows. Next in Sec. (II),
we have built Formalism part, which carry 3 subsections.
First in Sec. (II A), framework of Nambu-Jona-Lasinio
model with finite size is introduce, then in Sec. (II B),
the expression of mesonic masses and decay widths are
derived, and at the end of Formalism part, in Sec. (II C),
framework of diffusion and conductivity are constructed
for mesonic modes. After addressing formalism part,
we have explored the numerical results of masses, de-
cay widths, diffusion coefficients, conductivities of the
mesonic modes and their finite size effect. Finally, we
have summarized our investigation in Sec. (IV).
II. FORMALISM
A. NJL model at finite volume
We consider the framework of the Nambu–Jona-
Lasinio (NJL) model [37, 39] for the description of the
coupling between quarks and the chiral condensate in
the scalar-pseudo-scalar sector. This model nicely cap-
tures the chiral symmetry and its spontaneous breaking
physics. We will use a two-flavor model, with a degener-
ate mass matrix for u and d quarks. The Lagrangian can
be written as
L =
∑
f=u,d
Ψ¯fγµi∂
µΨf −
∑
f
mf Ψ¯fΨf
+ G[
∑
f
(Ψ¯fΨf)
2 + (Ψ¯f iγ5τ
aΨf)
2] (1)
where f denotes the flavors u, d respectively, mf = mu =
md, τ
a are SUf(2) Pauli matrices acting in flavor space.
As a result of dynamical breaking of chiral symmetry in
the NJL model, the chiral condensate 〈Ψ¯Ψ〉 acquires non-
zero vacuum expectation values. The constituent mass
2mu Λ gSΛ
2 |〈Ψ¯uΨu〉|
1
3 fpi mpi
(MeV ) (GeV ) (GeV −2) (MeV ) (MeV ) (MeV )
5.5 0.651 5.04 251 92.3 139.3
TABLE I: Parameters of the Fermionic part of the model.
= +
FIG. 1: Diagrammatic representation of Gap Eq. (2), which
make connection between dressed quark (double solid line)
with constituent mass Mf and bare quark (single solid line)
with current quark mass mf
as a consequence is given by,
Mf = mf − 2Gσf (2)
where σf ≡ 〈Ψ¯fΨf 〉 represents the chiral condensate. Its
diagrammatic representation is sketched in Fig. (1).
Now in order to implement the effect of finite system
sizes, one is ideally supposed to choose the proper bound-
ary conditions : periodic for bosons and anti-periodic for
fermions. This in effect leads to a sum of infinite extent
over discretized momentum values, pi =
πni
R , R being the
dimension of cubical volume. ni are positive integers with
i=x,y,z. This would then imply as lower momentum cut-
off pmin =
π
R = λ(say). The infinite sum over discrete
momentum values will be replaced by integration over
continuum momentum variation, albeit with the lower
momentum cut-off. This in effect implies that the sys-
tem volume, V will be regarded as a parameter just like
temperature, T and chemical potential, µ on the same
footing. Parametrization will be the same as for zero T,
zero µ and infinite V. Any variation therefore occurring
due to any of these parameters will be reflected in σf , Φ
etc. and through them in meson spectra.
With these simplifications, the thermodynamic poten-
tial thereafter takes the form,
Ω = −2NcNf
(2π)3
∫ √
p2 +M2dp
− 2NcNfT
(2π)3
∫
dp(ln(1 + exp(− (E − µ)
T
))
+ ln(1 + exp(− (E + µ)
T
))) +
(Mf −mf )
4G
(3)
where, each term bears its usual significance, which can
be found in [38]. The parameters used in eq. (1) are
usually fixed to reproduce the mass and decay constant of
the pion as well as the chiral condensate. The parameters
are given in Table (I).
= + + ..........
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FIG. 2: Diagrammatic representation of transformation of
quark-quark interaction into a effective pi, σ meson propaga-
tors (double dash line), given in Eq. (4).
B. Mesonic Excitations
The properties of the medium beyond bulk thermo-
dynamic properties can be understood by studying the
low-lying mesonic excitations. The masses and decay
widths of the mesonic resonances are calculated from
the correlations of ψ¯fΓψf type operators in QCD vac-
uum. The masses and the spectral functions of pseudo-
scalar and scalar mesonic states are interesting because
of their close connection with the chiral symmetry break-
ing and its restoration. The collective excitations, that
is, the fluctuation of the mean field around the vacuum,
can be handled within the random-phase-approximation
(RPA) [38]. Its schematic Feynman diagram [40] is shown
in Fig. (2), revealing the transformation of quark-quark
interaction into a effective mesonic propagators. In this
approximation, the retarded correlation function is given
by
DRM (ω,
−→p ) = 2iG
1− 2GΠM (ω,−→p ) (4)
ΠM (p
2) is the one loop polarization function for the
mesonic channel under consideration,
ΠM (p
2) =
∫
d4p
(2π)4
Tr[ΓMS(
(q + p)
2
)ΓM (
(q − p)
2
)] (5)
S(q) is the quark propagator and ΓM is the effective ver-
tex factor. The mass of the meson is extracted from the
pole of the meson propagator at zero momentum, given
by the equation
1− 2GReΠM (mM ,−→0 ) = 0 (6)
The mass of the unbound resonance has been considered
as the real part of ΠM . For bound state solutions (ω =
mM < 2M), the polarization function is always real. For
mM > 2M , ΠM has an imaginary part and the meson
spectral function gets a continuum contribution. The
meson is no longer a bound state but a resonant one. If
ImΠ stays constant around the position of the peak, the
spectral function will be approximated by a Lorentzian
with a decay width
γM = 2GImΠM (mM ,
−→
0 ). (7)
Explicitly,
Ππ(mπ,
−→
0 ) = I1 −m2πI2(mπ, 0)
Πσ(mσ,
−→
0 ) = I1 − (m2σ − 2M2)I2(mσ) (8)
3where
I1 =
2NcNf
(2π)3
∫
dq
Eq
(1− f−(−→q , β, µ)− f+(−→q , β, µ)) (9)
and
I2(mπ/σ) =
2NcNf
(2π)3
∫
dq
Eq
(1 − f−(q, β, µ)− f+(q, β, µ))
1
m2π/σ − 4E2
. (10)
The masses of the pion and sigma mesons are given, using
the gap equation
m0
M + 2Gm2πReI2(mπ)
= 0 (11)
and
m0
M + 2G(m2σ − 4M2)ReI2(mσ)
= 0 (12)
The real and imaginary part of ΠM (ω,~0) are given as
ReΠM (ω,~0) =
2NcNf
(2π)3
∫
d~q
1
E~q
E2~q − ǫM/4
E2~q − ω2/4
(1− f−(E~q)− f+(E~q)) (13)
ImΠM (ω,~0) = θ(ω
2 − 4m2)NcNf
8πω
(ω2 − ǫ2M )
(1− f−(ω)− f+(ω)) . (14)
Here, f∓(x) is the Fermi distribution function for parti-
cles and antiparticles.
C. Diffusion of chiral partners
We know that π and σ meson are pseudo-scalar and
scalar modes of same quark condensate with same spin
quantum no (J = 0) but different parity states π =
−1,+1. Particle physicist generally follow the compact
notation of Spin and parity quantum no as Jπ. So we can
visualize that π and σ meson are basically Jπ = 0−1 and
0+1 quantum states of same quark composition. They
are called as chiral partners. Quarks are the fundamental
building block of hadrons and a non-zero quark conden-
sate is responsible for the mass difference between chiral
partners at T = 0. Now, increasing the temperature
of nuclear or hadronic matter, a phase transition from
hadrons to quarks can be occurred beyond a transition
temperature and corresponding condensate also melts
down. Due to this transformations - from non-zero to
zero condensate, from breaking to restore phase of chi-
ral symmetry, the mass difference of chiral partners are
disappeared. NJL model (as well as other effective QCD
models) can nicely capture these facts, whose mathemat-
ical framework is already addressed in earlier Secs. (II A)
Q
(A) (B)
FIG. 3: (A) One-loop schematic representation of pi or σ me-
son current-current correlator, whose low frequency limit is
connected with their diffusion coefficient or conductivity. (B)
Dissociation diagram of pi or σ meson to quark and anti-quark.
and (II B) and results will be discussed in next Sec. (III).
In present subsection, we will discuss about the drag,
diffusion and conduction of two mesonic modes via dis-
sociations into quarks and anti-quarks. The mathemat-
ical anatomy of dissociation process, already addressed
in Eq. (14), which can directly be connected with drag
and then with diffusion and conduction of chiral partners.
Here we will build first the diagrammatic construction of
conductivity and diffusion. Then, at the end, we will see
the position of drag in the diagrammatic expression of
conductivity and diffusion.
In real-time thermal field theory, two point function
of meson current (Jµ ≡ φ∂µφ) can be expressed in a
2× 2 matrix structure, which can normally be diagonal-
ized in terms of a single element like retarded compo-
nent ΠRµν(q0, ~q) or the spectral function ρµν(q0, ~q) of that
mesonic correlator. Starting with 11 component (Π11µν ) of
the 2× 2 matrix, one can obtain anyone of these quanti-
ties by using of their connecting relation:
ρµν(q0, ~q) = 2ImΠ
R
µν(q0, ~q)
= 2tanh(
βq0
2
)ImΠ11µν(q0, ~q) . (15)
With the help of Wick contraction technique, the 11 com-
ponent of current-current correlator can be derived as
Π11µν(q0, ~q) = i
∫
d4xeiqx〈TJµ(x)Jν (0)〉β
= i
∫
d4xeiqx〈Tφ (x)∂µφ
︷︸︸︷
(x)φ(0)∂νφ︸ ︷︷ ︸(0)〉β
= i
∫
d4k
(2π)4
Nµν(q, k)D11(k)D11(p = q + k) ,
(16)
where
D11(k) =
−1
k20 − ω2k + iǫ
+ 2πinkδ(k
2
0 − ω2k) , (17)
where nk = 1/(e
βωk − 1) is Bose-Einstein (BE) distribu-
tion function of meson and
Nµν(q, k) = −4kµ(q − k)ν . (18)
4The Eq. (16) can diagrammatically be associated with a
one-loop kind of self-energy diagram with meson internal
lines, shown in Fig. 3(A). Now from this correlator Π11µν
one can identify the useful correlators - (1). density-
density correlator:
ΠR00(q0, ~q) = i
∫
d4xeiqx〈[J0(x), J0(0)]〉β (19)
and (2). spatial current-current correlator:
ΠRij(q0, ~q) = i
∫
d4xeiqx〈[Jij(x), Jij(0)]〉β . (20)
The spatial current-current correlator can be decomposed
in transverse and longitudinal components as
ΠRij(q0, ~q) =
(
qiqj
q2
− δij
)
ΠRT (q0, ~q) +
qiqj
q2
ΠRL(q0, ~q) ,
(21)
where our matter of interest is on longitudinal component
ΠRL(q0, ~q), which can be extracted from both density-
density and (spatial) current-current correlators by using
the relation:
ΠRL(q0, ~q) =
q20
q2
ΠR00(q0, ~q) =
qiqj
q2
ΠRij(q0, ~q) . (22)
So we can define a spectral function without Lorentz in-
dices
ρ = 2ΠRL(q0, ~q) . (23)
Using (17) in Eq. (16) and then using the other Eqs. (15),
(23), we get the simplified structure in positive but low
q0 region
ρ(q0, ~q) = 2
∫
d3k
(2π)3
(−π)N
4ωkωp
{C3δ(q0 + ωk − ωp)}
= 2
∫
d3k
(2π)3
N
4ωkωp
lim
γ→0
[
C3γ
(q0 + ωk − ωp)2 + γ2
]
,
(24)
where C3 ≈ q0β{n+k (1− n+k )} in the region of q0 << ωk.
We will take finite value of γ in our further calculations
to get a non-divergent values of pion (π) and sigma (σ)
meson conductivity
σ =
1
6
lim
q0,~q→0
ρ(q0, ~q)
q0
=
1
γ
2β
∫ ∞
0
d3~k
(2π)3
1
3
( ~k
ωk
)2
[nk{1 + nk}] (25)
where
χs = 2β
∫ ∞
0
d3~k
(2π)3
[nk{1 + nk}] (26)
is static susceptibility and ωk = {~k2+m2π,σ}1/2. So iden-
tifying γπ,σ as drag coefficient of π and σ mesons, one
can calculate spatial diffusion constant
D = σ/χs (27)
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FIG. 4: (Color online) T dependence of pion (black) and
sigma (red) meson masses for R =∞ (solid line), 4 fm (dash-
dotted line), 3 fm (dash line) and 2 fm (dotted line).
Eq. (24) can be approximated as
σ =
1
γ
〈v2/3〉χs , (28)
and then using the further approximated relation
〈v2/3〉 = T/m, based on non-relativistic equipartition
theorem, we can easily find Einstein relation
〈v2/3〉 1
γ
=
T
mπ,σγ
= D . (29)
The Eqs. (25) to (29) represent basically general con-
nection among the quantities - D, γ, σ, χs. Here our
interest on those quantities for π and σ mesonic conden-
sates, so we can denote them as Dπ,σ, γπ,σ, σπ,σ, χ
π,σ
s
respectively. Reader can find similar kind of calculation
of same quantities for heavy quark in Ref. [43].
Here, we want to obtain drag (γπ,σ), diffusion (Dπ,σ)
coefficients and conductivity (σπ,σ) for π and σ mesons
near and beyond Mott temperature, where those mesonic
condensates face mostly quarks and anti-quarks in the
medium. So, it is via π/σ → Q + Q¯ decay process,
the mesonic condensates will dissipate through medium,
whose corresponding γπ,σ, Dπ,σ and σπ,σ are our mat-
ter of interest to estimate. Here, drag coefficients of π, σ
states is estimated through the decay process of π → QQ¯
and σ → QQ¯. Hence we can exactly equate γπ,σ with
Eq. (7), which estimate decay probability of π, σ → QQ¯
from imaginary part of mesonic self-energy. This dissoci-
ation diagrams are sketched in Fig. 3(B). After obtaining
the drag coefficients γπ,σ, we can calculate Dπ,σ and σπ,σ
with the help of Eqs.(25), (27).
III. RESULTS AND DISCUSSION
In this section we will present the numerical results
for the properties of the π and σ mesons in a hot and
dense environment. The masses of the π and σ mesons
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FIG. 5: (Color online) T dependence of pion (black) and
sigma (red) meson decay widths through quark-anti-quark
channel for different system size.
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FIG. 6: T dependence of (a) MQ and (b) mpi − 2MQ for dif-
ferent system size. Straight horizontal red line, located at
mpi − 2MQ = 0, are indicating corresponding Mott tempera-
ture TM for different values of R.
are obtained from Eq. (6) and the decay widths can be
calculated from Eq. (7).
Fig. (4) shows the temperature dependence of chiral
partners π and σ mesons for different system size R.
As we know that in our real world (for T = 0) their
masses are well separated but at high temperature they
will be in degenerate states. This fact of merging chiral
partners is considered as alternative signature of chiral
symmetry restoration. This transition from chiral sym-
metry breaking to restoration is noticed for both infinite
and finite system size but their merging pattern become
different. At T = 0, mass of π meson enhances as we
decrease the system size, while mass of σ meson remain
unchanged. Actually as the volume decreases, the dif-
ference between π and σ meson also decreases, which
indicates that the chiral symmetry effect reduces with
decreasing volume. Also TC changes with the volume of
the system and shifted to lower temperature for smaller
system size.
Next, in Fig. (5), we have plotted π and σ decay
widths in QQ¯ channel for different system sizes. Since
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FIG. 7: Modification of transition temperature Tc and Mott
temperature TM for changing system size R, where R = 10 is
approximately considered as infinite volume.
σ meson mass always remain greater than two times of
quark mass (mσ > 2MQ) in entire temperature range,
therefore we will get non-zero γσ in entire T . Whereas,
for the case of π meson mass, the kinematic threshold
mπ > 2MQ is valid above the Mott temperature TM , be-
low which the π → QQ¯ decay is forbidden. For R = ∞
case, TM = 0.201 GeV and one can find that black solid
line, denoting γπ, has started to be non-zero beyond that
temperature. Similar to mass merging, the decay width
merging of chiral partners are also seen. It is expected
as the kinematic phase-space of two decay probabilities
depend on their mass only. Their coupling constants are
not different as in NJL model, π and σ meson states are
basically considered as condensates of same quark com-
position but with different spin-parity quantum number
Jπ (=0− and 0+ for π and σ meson respectively). When
we consider finite size effect, we find that the γσ is getting
enhancement in low T domain. Mott temperature is de-
creasing as R decreases, which can be seen from shifting
threshold pion decay width along T -axis.
Fig. 6(a) shows quark masses as a function of T and
R. Knowing MQ(T,R) and mπ(T,R), one can find the
Mott temperature TM (R) as a function of R, wheremπ−
2MQ = 0. It is plotted in Fig. 6(b), from where we get
TM (R), which is plotted by red solid line with circles
in the Fig. 7. From Fig. 6 one can see that the Mott
temperature value decreases for lower system size. The
value of the Mott temperature for R = 2fm is quite
smaller than the higher volume systems.
Fig. 7 represents the variation of the transition tem-
perature and Mott transition temperature with R. The
transition temperature can be obtained from the max-
ima of the fist derivative of the chiral condensates for the
different finite system size. As R increases both the tran-
sition temperature and the Mott transition temperature
increases and after R = 4fm, both the transition tem-
perature and the Mott transition temperature attained
saturation. The value of the Mott transition temperature
is lower than the transition temperature below R = 3fm.
As we increase the size of the system the Mott tempera-
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FIG. 8: (Color online) Conductivity of pi (black) and σ (red)
mesons or light flavor condensates with quantum number
Jpi = 0− and 0+ for R = ∞ (solid line) and 2 fm (dotted
line).
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FIG. 9: (Color online) Diffusion coefficients D of pi (black)
and σ (red) mesons or light flavor condensates with quantum
number Jpi = 0− and 0+ for R = ∞ (solid line), 3 fm (dash
line) and 2 fm (dotted line).
ture value start increasing than the transition tempera-
ture and saturates at a higher value than the transition
temperature.
Using the mπ,σ(T,R) and γπ,σ(T,R) in Eq. (25), we
have obtained the conductivity of the pion and sigma
σπ,σ(T,R), which is plotted in Fig. (8). Below the Mott
temperature, the divergence nature of σπ(T,R) can be
clearly seen due to the relation σπ ∝ 1/γπ. The conduc-
tivity of the pion and sigma meson changes significantly
with the variation of the system size and decreases with
the decreasing volume. The conductivity of pion and
sigma meson merges after the transition temperature.
For lower system size the conductivity decreases with
the decreasing transition temperature and so the pion
and sigma meson merges at a lower value.
Fig.9(a) shows the diffusion coefficients of π and σ
mesons by using Eq. (27), while Fig.9(b) shows cor-
responding results by using Einstein relation, given in
Eq. (29). Here also, one can notice the divergence nature
of Dπ(T,R) below the Mott temperature and realize the
TABLE II: Transition temperature (2nd column), Mott tem-
perature (3rd column), Temperatures, where masses (4th col-
umn), drag coefficients (2nd column), diffusion coefficients
(3rd column) and conductivity (4th column) of chiral part-
ners are merged for R =∞ (2nd and 5th rows) and R = 2 fm
(3rd and 6th rows), temperatures are in MeV.
Size Transition Mott Mass
Temperature Temperature Doublet
R =∞ 184 200 245
R = 2 fm 166 153 223
Size Drag Diffusion Conductivity
Doublet Doublet Doublet
R =∞ 234 245 236
R = 2 fm 188 195 193
responsible relation Dπ ∝ 1/γπ.
At the end, if we briefly take a look on all the quan-
tities of chiral partners for infinite (R = ∞) and finite
(R = 2 fm) sizes of medium, then we can get a table,
given in (II). It clearly implies that transition tempera-
ture, Mott temperature are shifted in lower temperature
when we go from infinite to finite matter. Table (II) has
also documented the temperatures, where masses (4th
column), drag coefficients (2nd column), diffusion coef-
ficients (3rd column) and conductivity (4th column) of
π and σ mesons are merged. Similar to chiral conden-
sate melting, forming mass doublets beyond the transi-
tion temperature is an alternative realization of chiral
symmetry restoration. In that regard, merging of other
quantities like drag, diffusion coefficients, conductivity
might also be considered as alternative realization chiral
symmetry restoration. In fact, collection all quantities
provide a rich understanding on the different thermody-
namical properties of chiral partners and transition de-
tails from breaking to restore phase of chiral symmetry.
Transition point with respect to the drag, diffusion coef-
ficients, conductivity will also be shifted in lower temper-
ature, when one goes from infinite to finite size matter.
IV. SUMMARY
We have studied the finite volume effect on the spectral
functions of strongly interacting matter at zero chemical
potential. We have shown the pion and sigma meson
masses and decay widths at different finite system sizes.
Also, we have calculated the conductivity and diffusion
coefficients of pion and sigma mesons. All the quanti-
ties have shown the significant variation with the finite
system size.
At low temperature the chiral symmetry is broken and
after the transition temperature the chiral symmetry is
restored. The transition from the chiral symmetry bro-
ken phase to the chiral symmetry restored phase can be
7visualized in both infinite volume system and the finite
volume system. Based on the quark condensate or quark
mass melting, we can define an chiral transition temper-
ature, which is shifting to lower values when we go from
infinite to finite size matter. An alternative chiral sym-
metry restoration can be realized from merging of π and
σ masses near and after the transition temperature. This
merging point is also shifting towards lower temperature
due to finite size consideration.
We have shown the decay widths of the pion and sigma
meson masses with different system size. Decay widths
are basically estimated from the imaginary part of self-
energy for pion and sigma meson, which interpret the
thermodynamical probabilities of their dissociation to
quark, anti-quark channels. For the sigma meson, the de-
cay width can be seen for the entire temperature range.
However for the pion, the decay width starts after the
Mott transition temperature, which also decreases with
decreasing system size. Similar to masses of the chiral
partners, their the decay widths also merge in the tem-
perature domain of restored phase. Again the finite size
consideration make their merging points shift towards
lower values of temperature. For finite size effect, we
find that the decay width of σ meson is getting enhance-
ment in low T domain, which is quite interesting and new
outcome.
Considering the dissociation process as dragging mech-
anism of π, σ modes with medium, we have estimated
their diffusion coefficients and conductivities. Low tem-
perature π mode diffusion or conduction is diverged due
to vanishing drag process below the Mott temperature
but its non-divergent values beyond Mott temperature
are merged latter with corresponding quantities of σ.
Similar to merging of masses and decay widths of chi-
ral partners, their merging of diffusion and conduction
values can be considered as alternative realization of re-
stored phase and their merging points again shift towards
the low temperature direction when size of the matter is
reduced.
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